Summary: To clarify the role of vasoactive peptides in the physiologic response to pneumonectomy, we investigated the changes of atrial (A-type) natriuretic peptide (ANP), C-type natriuretic peptide (CNP), and endothelin-1 (ET-1) levels in the lung and blood after pneumonectomy and the effects of inhaled nitric oxide (NO; 5 ppm) after pneumonectomy in beagle dogs. The concentrations of these peptides in the lung and blood were measured by radioimmunoassay.
Introduction
Since the initial discovery of the potent diuretic, natriuretic, and vasorelaxant activities in extracts from rat atria (de Bold et al. 1981) , some forms of the natriuretic polypeptide have been isolated. Atrial (A-type) natriuretic peptide (ANP), the prototype of the natriuretic peptide family, was originally identified in mammalian atrial tissue (Kangawa and Matsuo, 1984) . Brain natriuretic peptide (BNP) was identified in the porcine brain (Sudoh et al. 1988) and was also present in the heart. C-type natriuretic peptide (CNP), identified in the porcine brain, (Sudoh et al. 1990) was distributed mainly in the central nervous system and vascular tissues. These peptides are considered to form the natriuretic peptide family and involved in the regulation of blood pressure and volume homeostasis, both as cardiac hormones and as neuropeptides.
Nitric oxide (NO), an endotheliumderived relaxing factor, is a selective and effective pulmonary vasodilator in pulmonary hypertension (Pepke-Zeba et al. 1991) . Inhalation of low levels of NO reverses pulmonary vasoconstriction caused by hypoxemia or the infusion of a thromboxane endoperoxide analogue in the lamb (Frostell et al. 1991; Robers et al. 1993) .
Endothelin-1 (ET-1) is a potent vasoconstrictive peptide originally isolated from vascular endothelial cells (Yanagisawa et al. 1988) . Onizuka et al. (1992) observed that plasma ET-1 concentrations were significantly increased after pulmonary surgery. In thoracic surgery, pneumonectomy is the major procedure and postoperative pulmonary hypertension is one of the severe complications. However, the acute phase of postoperative changes in circulatory kinetics are not clear and the mechanism of the vasoactive peptides in pulmonary hypertension is obscure. Furthermore, the value of inhaled NO after pneumonectomy is unknown. In this study, the changes of pulmonary arterial pressure, the changes of vasoactive peptide (ANP, CNP, and ET-1) levels in the lung and blood, and the effects of inhaled NO were investigated in dogs after pneumonectomy. 
Experimental design
The animals were anesthesized with intramuscular injections of keta ine hydrochloride (10 mg/kg) and intravenous injections of thiamylal sodium (10 mg/kg). The dogs were intubated and ventilated with 40% oxygen at a tidal volume of 25 ml/kg, and at 14 breaths per minute. Normal saline was administrated, intravenously, during the operation (4 mllkg/hr). The anesthesia was maintained with a continuous infusion of pentobarbital calcium (5 mg/kg/hr) and pancronium bromide (0.1 mg/kg/hr). A pressure and blood sampling line was inserted into the femoral artery. A SwanGanz catheter was inserted into the femoral vein and advanced to the pulmonary artery for the measurement of pulmonary arterial pressure (PAP) and cardiac output (CO).
Fifteen dogs were divided into two groups. The dogs in group A (n=10) were observed without NO inhaling after right pneumonectomy and the dogs in group B (n=5) were observed with NO inhaling (5 ppm) from 120 to 180 min after right After pneumonectomy or inhalation of NO, the concentration of lung ET-1 was not changed.
after pneumonectomy (p<0.01). Neither pneumonectomy nor inhalation of NO affected the plasma CNP (Fig. 4) and ET-1 (Fig. 5) Neither pneumonectomy nor inhalation of NO affected the concentration of lung ET-1 (Fig. 8) .
Discussion
After the first report of the use of pneumonectomy for lung cancer by Evarts Graham (1933) , it became one of the common treatments for lung cancer. Pneumonectomy is a general procedure to treat a localized advanced lung cancer which is centrally located, invades across fissures and involves both lobes on the left, or the upper and lower lobes on the right. Many retrospective analyses on the morbidity after pneumonectomy, such as pneumonia, pulmonary edema, pulmonary hypertension, dysrhythmia, and cardiac failure have been reported (Harmon et al. 1976; Oinsberg et al. 1983; Wahi et al. 1989) . Some hemodynamic studies have been performed after pneumonectomy. Crouch et al. (1987) studied the short-term physiological effects of pneumonectomy in 10 mongrel dogs. The pulmonary vascular resistance (PVR) and PAP were significantly increased with no change in the mean left atrial pressure after pneumonectomy. The CO and heart rate remained unchanged. In this study, the PAP was significantly increased with no change of cardiac output after pneumonectomy. The increase of PAP was considered to be an acute effect from a reduced compliance after the removal of one-half of the vascular bed. The unchanged CO in the present study supports the results by Crouch et al. (1987) , although pneumonectomy should cause dramatic changes in the pulmonary vascular bed.
NO, an endothelium-derived relaxing factor (Palmer et al. 1987) , is produced from L-arginine by constitutive endothelial NO synthase and may play an important regulatory role in the developing pulmonary circulation. Frostell et al. (1991) observed that inhalation of a gas mixture containing 40-80 ppm NO could reverse the acute pulmonary vasoconstriction induced by severe hypoxia in eight awake lambs. In clinically, Pepke-Zaba et al. (1991) ANP, the prototype of the natriuretic peptide family, was originally identified in mammalian atrial tissues. It is synthesized in the heart and secreted into the circulation as a cardiac hormone, primarily in response to atrial stretch (Lang et al. 1985) . CNP is distributed mainly in the central nervous system and vascular tissues, and acts as a local regulator for vasoactive peptide (Suga et al. 1992 ). Both of these peptides are members of a family of vasodilatory hormones involved in the regulation of blood pressure and volume homeostasis. The present results show that the lung ANP and CNP levels were increased by an elevation of pulmonary arterial pressure after pneumonectomy.
The concentration of plasma ANP increased but the plasma CNP level was not changed after pneumonectomy. On the other hand, the plasma and lung ET-1 levels were not affected. These results indicate that the lung ANP and CNP are extremely important factors for local pulmonary vaso-regulation, and that ANP may participate in the homeostatic balance of pulmonary arterial pressure after pneumonectomy. 
